Objective: To analyse the effects of gait therapy for patients after acute stroke in a randomized controlled trial. Methods: Fifty-six patients with a mean of 8 days post-stroke participated in: (i) gait trainer exercise; (ii) walking training over ground; or (iii) conventional treatment. Patients in the gait trainer exercise and walking groups practiced gait for 15 sessions over 3 weeks and received additional physiotherapy. Functional Ambulatory Category and several secondary outcome measures assessing gait and mobility were administered before and after rehabilitation and at 6-month follow-up. Patients also evaluated their own effort. Results: Walking ability improved more with intensive walk training compared with conventional treatment; median Functional Ambulatory Category was zero in all patients at the start of the study, but it was 3 in both walk-training groups and 0.5 in the conventional treatment group at the end of the therapy. Median Functional Ambulatory Category was 4 in both walk-training groups and 2.5 in conventional treatment group at 6-month follow-up. Mean accomplished walking distance was not different between the gait trainer exercise and over ground walking groups. Borg scale indicated more effort in over ground walking. Secondary outcomes also indicated improvements. Conclusion: Exercise therapy with walking training improved gait function irrespective of the method used, but the time and effort required to achieve the results favour the gait trainer exercise. Early intensive gait training resulted in better walking ability than did conventional treatment.
INTRODUCTION
Despite improved management of patients in the acute phase after stroke, the majority of surviving patients are disabled (1) . Recovery of walking function to obtain independence in daily life is one of the main goals of patients after stroke. Treadmill training with partial body weight support was introduced as a strategy for gait rehabilitation more than 10 years ago (for example, 2, 3); subsequently various gait rehabilitation devices have been shown to be effective in regaining and improving walking function in patients after stroke (4) . The electromechanical "Gait Trainer" (GT) and the Driven Gait Orthosis (DGO) were the first such devices in this field (5, 6) . Subsequently, more prototypes have been designed (7, 8) . On the GT, the patient is supported with a harness and his or her feet are placed on motor-driven footplates. On the DGO, the patient moves on the treadmill operated according to a preprogrammed physiological gait pattern and an exoskeleton-type robot. A Cochrane Review of electromechanical-assisted training for walking after stroke reported that the use of the GT and DGO could reduce dependency in walking by 25% (4) . The authors concluded that further research is needed to determine what frequency or duration of training might be most effective, and at what time to begin training after stroke and to find out how long the benefit of training persists.
In patients with stroke, randomized controlled trials comparing gait rehabilitation devices with other physiotherapy methods have been conducted in the subacute or chronic stage (9) (10) (11) (12) . In our previous study (9) , 45 patients, all more than 6 months post-stroke, practiced walking for 20 min, either on the gait trainer, on the gait trainer with functional electrical stimulation (FES), or on level ground daily. In Hong Kong (10) , the same amount of walking exercises were provided for 3 similar groups for a period of 4 weeks (these patients were on average 2.7 weeks post-stroke). In patients with chronic stroke (9) no group differences were observed in improvements of gait speed and endurance, balance or mobility, whereas in the subacute stage (10) the patients who trained on the gait trainer, with or without FES, gained faster gait, better mobility, and greater improvement in functional ambulation than the patients who practiced on level ground.
In the Deutsche Gangtrainer Studie, 155 patients (on average one month post-stroke) participated either in 20 min of walking exercises on the gait trainer followed by 25 min physiotherapy (group A) or 45 min physiotherapy (group B) for 4 weeks (11) . In group A, patients practiced walking and mounting stairs on average for 34 min out of each 45 min session. In group B, patients practiced walking and mounting stairs on average for 20 min out of each 45 min session. Patients in group A performed more walking exercise and in outcome had better gait ability and better daily living competence.
The purpose of the present study was to evaluate gait ability and gait rehabilitation very early after stroke, in 3 groups. Our rehabilitation groups were: body-weight-supported exercise on the gait trainer (GT); walking exercise over ground (WALK); and conventional treatment (CT). To our knowledge, no randomized controlled trials in which rehabilitation has started this early after stroke (less than 10 days after stroke onset) have been published in the peer review literature.
METHODS

Subjects
A total of 56 patients early after stroke participated in this trial (see Fig. 1 ). The criteria for patient selection were: (i) first supratentorial stroke or no significant disturbance from an earlier stroke (Modified Ranking Scale 0-2); (ii) Functional Ambulatory Category (FAC) 0-3 (13); (iii) voluntary movement in the leg of the affected side; (iv) Barthel Index (BI) 25-75 points (14) ; (v) age 18-85 years; (vi) no unstable cardiovascular disease; (vii) body mass index (BMI) < 32; (viii) no severe malposition of joints; and (ix) no severe cognitive or communicative disorders. All patients were initially diagnosed by magnetic resonance imaging or computerized tomography. Patients who fulfilled the criteria in a neurological examination within 10 days of stroke onset and who provided informed consent between June 2003 and December 2004 were randomly allocated to 2 walking exercise groups. They received a 3-week period of intensive inpatient rehabilitation in the acute care hospital. Between January 2005 and February 2007 patients fulfilling the criteria and providing informed consent were randomly allocated to 3 groups; either of the walking exercise groups or a conventional treatment group. For the total duration of the study the envelopes indicating the groups were sealed separately for patients with FAC 0 or 1 and with FAC 2 or 3. Stratified allocation was performed by an independent person who was not otherwise involved with the patients. The study was approved by the Hospital District of Northern Savo Research Ethics Committee (#148/2001, updated February 2005).
Neurologists used the Scandinavian Stroke Scale (SSS) (15) and the BI to assess the functional status of the patients with acute stroke. The SSS contains items on consciousness, orientation, eye movements, facial palsy, motor function of the arm, hand and leg, gait and speech. Each item is scored from 0 to 12 and the maximum score is 48 (see Table I for patient characteristics). The BI scale contains items on feeding, moving to and from a wheelchair, personal toileting, bathing oneself, walking on a level surface, ascending and descending stairs, dressing, and bowel and bladder control. Each item is scored from 0 to 15 and the maximum score is 100. Position sense was measured with the patient supine and the observer moving the paretic ankle in different directions. The patient repeated the movements with the unaffected leg. Thirty-eight of the patients had normal position sense in the ankle on the paretic side. Thirty-nine of the patients were not able to walk or needed 2 assistants to help them walk (FAC = 0) (13) . Eight patients needed the constant attention of one assistant in walking (FAC = 1). Five patients needed someone for balance support (FAC = 2), and 4 patients needed to have someone walking beside them to give them confidence (FAC = 3). None of the patients were in FAC 4 or 5 (independent, but in FAC 4 need help with stairs of on uneven ground). Unfortunately, one patient did not fulfil inclusion criteria within 10 days, her programme started 17 days post-stroke. One patient with BMI above the criteria limit (39.6) was accepted.
Intervention
The objective of our 3-week in-patient rehabilitation for acute patients was to enhance their motor abilities and help them regain their walking independence as soon as possible. For 3 weeks each patient spent a maximum of 1 h/day to obtain 20 min actual walking either in In the GT, the patient was supported with a harness and his or her feet were placed on motor-driven footplates. The amount of body weight support (BWS) provided by the harness was chosen according to the patient's individual needs. The percentage of BWS was recorded (kg). In the WALK group, the patients practiced walking over ground with 1 or 2 physiotherapists, using their individual walking aids. The training in the GT and WALK groups was progressed by increasing the speed and decreasing the amount of BWS or manual guidance and reliance on walking aids (for more details see (16) ). The patients in the CT group were most often transferred to a health centre after the first set of measurements. Thereafter, they visited the hospital on testing days. While in the health centre, the patients normally had 1 or 2 physiotherapy sessions daily, but not at the same intensity as in the GT and WALK groups. The content of physiotherapy in the CT group was determined according to individually set goals.
Assessments
Training assessments. The patients in the GT and WALK groups evaluated their effort using the Borg Rating of Perceived Exertion Scale (17) (from 6 to 20; 7 = very marginally strenuous, 19 = extremely strenuous). Ratings were recorded each time during the last minute of the 20 min walking exercise and during the last minute of the other physiotherapy sessions. Heart rate (HR) was recorded with a heart rate monitor (Polar ® , Polar-electro Oy, Kempele, Finland). HR was monitored continuously during the 20 min walking exercise and the data for the last minute was recorded.
During the 20 min walking exercise on the gait trainer, walking speed, number of steps, distance, and amount of BWS were recorded. In the WALK group, walking duration, distance walked and the use of walking aids were recorded. We allowed each patient a daily maximum of 1 h to achieve the target of 20 min of real walking time. Unfortunately, we did not have a formal record of the time spent to achieve the 20 min of walking during 1 h in the walking training groups. After interviewing the physiotherapist and analysing her notes and walking training records, we estimated the time used, but no statistical analysis was relevant to perform.
Outcome assessments. The primary outcome to assess the efficacy of the 3-week physiotherapy programme was the FAC (13) . In addition, we used secondary outcomes to assess walking and other motor abilities. In the 10-m walk test (10MWT) (18) , patients were asked to walk as quickly as possible. In the 6-min walk test (6MWT) (19) , patients were asked to walk back and forth for 6 min on a 30-m-long track as quickly as possible while pacing themselves so as to be able to complete the task. In both walking tests, patients were allowed to use an orthosis. Partial support was allowed. For example, a physiotherapist could hold the walking belt during the test, but not push forward or move the patient's legs. The assessment of other motor abilities were performed with the Modified Motor Assessment Scale (MMAS) (20) , Rivermead Motor Assessment Scale (RMA) (18) , and Rivermead Mobility Index (RMI) (21) . The MMAS assessments included 8 items each scored from 0 to 6, maximum 48. Two out of 3 sections of the RMA were used: gross motor function (RMA g) and lower limb function plus trunk control (RMA l&t). Performance of each item scored 1 point. The testing was discontinued if the patient was unable to perform 2 consecutive items. The 15-item RMI was completed in the same way, except that the RMI scores were obtained by asking the patient if she or he could perform the activity in question.
Patients were assessed at the start, at 2 weeks (not reported), at the end of the 3 weeks of rehabilitation, and at 6 months. During the first 1.5 years both the physiotherapist and an independent observer performed the outcome measures. After analysing the inter-rater reliability (ranging from good to excellent) of the measures, the physiotherapist or an independent observer alone performed the set of measurements.
Statistical analysis
Statistical analyses were performed with SPSS 14.0. The mean values of age, time since onset of stroke, BMI, SSS, and BI in the GT, WALK, and CT groups were compared using one-way analysis of variance (ANOVA) ( Table I) . At start the distribution of gender, diagnosis, side of hemiparesis, aphasia, neglect and FAC between the groups was compared using the Mann-Whitney U test or Kruskal-Wallis test. The means in walking exercise time, total distance (in m) covered during the 15 gait sessions, HR during exercise, and Borg Scale in GT and WALK groups were compared using the independent-samples t-test to assess the similarity of the GT and WALK groups. For the GT group, mean values for speed and amount of BWS on the gait trainer were also calculated.
The FAC changes before and after the treatment was analysed with the Friedman and Wilcoxon signed-rank test, and the groups were compared with Kruskal-Wallis test. Analysis of the repeated measures data, using both within and between factors, was used to evaluate the changes in secondary measures. Many CT group patients were unable to walk at the start of rehabilitation and thus no statistical comparisons could be made for their secondary walking test data. Secondary walking test comparisons were performed for the GT and WALK groups. For these 2 groups, the walking test data were restructured to take into account patients who were unable to walk at the start of rehabilitation. Data transformation was performed by calculating the relative difference between the walking parameters at the start and at the end of rehabilitation, using the following formula. The following example is from the 10MWT (18): 10 MWT relative difference (10MWTrf): (mean 10MWT at the end -mean 10WMT at the start) mean 10MWT at the end Missing parameters at the starting point were then calculated as follows: (100-10MWTrf) × mean 10MWT at the end 100
The relative differences were calculated separately for the GT and WALK groups in the 10MWT, but for the combined GT and WALK patients in the 6MWT. The reason for combining the patient groups in the latter test was the low number of parameters in each separate group. It was not necessary to reconstruct the secondary walking test data for the follow-up comparisons, because more patients performed the test at the end and at follow-up. However, we were still not able to perform statistical analysis on the secondary walking test data of the patients in the CT group. The results were considered significant if p < 0.05.
RESULTS
Fifty-six patients, all early after stroke, participated in the study, and 47 patients completed the rehabilitation period.
Only one patient in each of the 2 walking training groups felt the protocol to be too demanding after 7-8 days of treatment and 7 patients dropped out for other reasons (Fig. 1) . A total of 45 patients participated in the follow-up visits and performed the tests. The demographic characteristics of the patients in the GT, WALK, and CT groups were comparable (Table I, 
Exercise intensity
Effective duration of gait training in the GT and WALK groups. The actual walking exercise time achieved was near × 100 Gait rehabilitation in patients after acute stroke the maximum of 300 min in both GT and WALK groups (Table II) . However, only 9 of the 17 patients in the GT group were able to walk for the whole 20 min at the start of the study. In 7 patients, the first walking session in the gait trainer did not last 20 min despite 1 h of effort, the next 4-6 sessions were completed with 1-3 short breaks, and in the remaining 8-10 sessions, the patients were able to walk for the full 20 min. Overall, the patients in the GT group performed their 20-min walk in much less than 1 h, 9 of them in 20 min in every session, and another 7 in 20 min in most sessions. In the WALK group, none of the patients was able to walk for target 20 min at the beginning of rehabilitation.
Eight patients accomplished in sessions 1-5 less than 20 min walking time despite 1 hour of effort. Seven patients were able to walk for 20 min in the last 5-7 sessions. Except for the last sessions of these 7 patients, a large number of breaks was needed (often more than 5 breaks, and in some cases up to 17 breaks) and often the whole 1 h period was needed to achieve 20 min walking.
Other parameters of gait training in the GT and WALK groups. The total distance covered during 15 gait sessions, the mean HR during the last minute of walking exercise, and the perception of exertion of the patients are presented in Table II . Also, the training parameters of the gait trainer are presented. In both gait training groups, 2 therapists were usually needed to assist patients in the beginning. In the gait trainer, one assistant was mainly needed when moving to the gait trainer or from it. Later days during the rehabilitation, manual guidance by one therapist was sufficient for most patients in both groups. In the WALK group, a walking belt was used by half of the patients during the walking exercises. When patients were able to increase their walking speed, a knee orthosis was often used to prevent over-extension of the knee. A peroneus orthosis or an elastic bandage was used in 16/20 patients in the WALK group. Details of the additional physiotherapy content recorded in GT and WALK groups are published elsewhere (16) .
Conventional treatment path.
For all patients in the CT group, physiotherapy continued with 1 or 2 physiotherapy sessions daily according to individual needs. The patients in the CT group were transferred from the acute care hospital 0-8 days (mean 3.7 (standard deviation (SD) 3) days) after the first measurements at the start of the study, whereas the patients in the GT and WALK group remained for 3 weeks. Patients in the CT group were transferred to the health centre (n = 4), home (n = 3) or to the rehabilitation hospital (n = 3), subsequently visiting the hospital for the same tests as the patients in the GT and WALK groups.
Effects of rehabilitation
Primary outcome FAC. The intensive therapy with gait training (either GT or WALK) resulted in better improvement in walking ability compared with the CT group. It reached significant group difference in repeated measures ANOVA (Table III, Secondary outcomes. Secondary walking test data were statistically analysed for the GT and WALK groups (see above). Table  IV shows patients' participation in the different measurements at the different time-points. At the end of 3 weeks, the number of patients who were tested for the 10MWT and 6MWT increased by 41% and 47%, respectively, in the GT group; 50% and 75% in the WALK group, and 10% in the CT group. For example, 14/17 patients in the GT group, and 17/20 patients in the WALK group, but only 2/10 patients in the CT group were able to perform the 10 MWT at the end of 3 weeks. There were no differences between the GT and WALK groups in secondary walking test data (Table III, Motor scale scores improved in all groups (Table III, No significant differences were found between the groups in other motor scale improvements (group differences for RMA g: F 2,44 = 0.678, p = 0.513); for RMA l&t: F 2,44 = 2.424, p = 0.100; for RMI: F 2,42 = 0.355, p = 0.703). The analysis of all 3 time-points (including 2 weeks) during intensive gait rehabilitation indicated that the improvements in motor ability continued throughout the 3-week rehabilitation period (data now shown).
Follow-up measures.
Of the 47 patients studied, 45 participated in the follow-up at 26.4 (SD 1.1) weeks (Fig. 1) . One patient in the GT group cancelled her scheduled time, and one patient in the WALK group cancelled because of illness. Motor ability continued to improve from the end of rehabilitation period to the follow-up. The improvement was seen in primary outcome as well as in the motor ability scales in all patients, and in the 10MWT in the GT and WALK groups (Table V) .
Median FAC change was 0 (interquartile range 0-1) in GT, 1 (0-1.75) in WALK, and 1 (0-2.25) in CT (Table V, The secondary walking test data was calculated for those patients who were able to perform the tasks at both time-points. Statistical analysis of the walking test data was possible only for the GT and WALK groups. Mean 10MWT decreased by 4.3 sec in GT and 0.4 sec in WALK (rehabil itation improvement: F 1,27 = 4.432, p = 0.045; group interquartile range difference: F 1,27 = 3.084, p = -0.090). Other measures of motor abilities also continued to show improvement, although the groups behaved somewhat differently (Table V) .
DISCUSSION
Motor ability improved in all 3 groups during the 3 weeks of study very early after stroke, but intensive gait-oriented rehabilitation resulted in better walking ability and better MMAS scores compared with conventional treatment. In spite of similar improvements in the early phase in both walking training groups, the time and effort required to achieve the results were different, favouring the patients in the GT group.
Previous studies have shown that a large amount of walking training can be accomplished while patients are in the subacute (10, 11) or chronic (9) stages of stroke. The present study shows that also a large amount of walking training can be accomplished during very early acute stage of stroke. The onset of stroke was only 8 days (mean and median) before the initiation of intensive therapy in the present study. The earliest start of training was as early as at the third day, and 9 patients started before the eighth day following stroke onset. In addition, 33 of the 47 patients (70%) were non-ambulatory at the start of the study. However, the patients rated their walking training as only slightly strenuous or strenuous. Furthermore, patients in the GT group gave lower perceived exertion ratings than those in the WALK group. Moreover, the patients in the GT group achieved their 20 min walking exercise in much less time than the 1 h allocated, compared with the often full 1 h needed by the patients in the WALK group. Electromechanically assisted walking training was less strenuous. A harness and motor-driven footplates in the gait trainer eased the effort needed compared with walking over ground and thus also decreased the need for breaks. The distance walked by the GT and WALK groups did not differ significantly. The patients in the CT group were transferred on average after 3.7 days of the first set of measurements, either to the health centre, home or to the rehabilitation hospital. The 3 patients transferred to the rehabilitation hospital may have received more physiotherapy. However, even in rehabilitation hospitals the conventional treatment protocol does not include as large amount of walking exercise therapy as was delivered in the present study.
The walking test data showed clearly better walking ability outcomes in those patients in walking training groups. Patients in the GT and WALK groups achieved median FAC 3 at 3 weeks, whereas all patients in the CT group needed either the continuous support of 2 assistants or someone for balance support (median FAC 0.5). Furthermore, 29% of the patients in GT, 20% in WALK, and only 10% in CT achieved the more independent walking ability, i.e. FAC 4 or 5, at 3 weeks. The secondary walking test data supported the primary outcome, and walking velocity and endurance increased in both walking training groups. Walking velocity in the 10MWT increased by 0.4 m/sec in the walking training groups, improving to 0.76 m/sec in the GT group and 0.68 m/ sec in the WALK group by the end of the rehabilitation period. The mean walking distance achieved in the 6MWT increased by 125-151 m in the GT and WALK groups, reaching 321 m in the GT group and 371 m in the WALK group. In addition to gait, improvement in other motor abilities was seen in all groups. MMAS differentiated the motor ability between the groups, other motor scales showing similar improvements. MMAS indicated 2.5 times better improvements in walking training groups compared with CT.
A recent Cochrane Review of electromechanical-assisted training for walking raises a number of important issues (4). The authors concluded that patients who receive electromechanical-assisted gait training in combination with physiotherapy after stroke are more likely to achieve independent walking than patients receiving gait training without these devices. However, the interventions used in different studies were not always comparable. In order to study whether electromechanical-assisted gait training is more efficient than walking training with traditional methods, we should compare these 2 interventions. The Bobath concept by itself does not guarantee that the training content is always gait-oriented. In the present study, the 2 intervention groups performed strictly gait exercises in different ways, yet showed no significant differences in outcome. However, the improvements achieved using the gait trainer required much less effort. It is important to emphasize that in the present study, the patients were approximately one month since stroke onset at the end of study period. In the Cochrane Review, most patients were likely to be only starting training at this stage post-stroke. It would be interesting to see what influence the time since stroke onset would have as a covariate on the Cochrane results.
The follow-up measures at 6 months showed that all patients continued to improve their gait and other motor ability, yet the walking ability of the CT group remained poorer compared with GT and WALK. All patients in the walking training groups continued to improve also in terms of increased gait velocity. The mean increase in over ground walking velocity was 0.19 m/sec in the GT and 0.01 m/sec in the WALK group suggesting a tendency to dissociation of improvement between GT and WALK. The mean increase in 6MWT by 95 m in the GT group and decrease in the WALK group showed differences between our groups in later recovery phase. A positive development was seen in all motor scales with somewhat different speeds of recovery in 3 groups. The later phase, however, is not the focus of the current report. The limitation of our study is that we did not have a formal record of the time used to achieve the 20 min of walking during 1 h in the training groups. Mostly physiotherapists recorded the time used for real practice and that used for breaks. Although not formal, the aforementioned time-use data were obtained. We also missed to formally record effort of physiotherapists. The reconstructed model of secondary walking tests biased the values towards the means, thus possibly decreasing the walking test differences between the GT and WALK group. However, it made comparison of the secondary walking test data possible in patients in the early acute stage of stroke, and the model treated both groups similarly. Another possibility would have been to assign zero to non-performance of the task; however, from our point of view the reconstructed model resulted in a more accurate assessment of improvements.
Clinical message. In patients early after stroke intensive walking training in combination with other physiotherapy resulted in significant improvements in walking. Gait and motor task performance improved irrespective of whether the walking exercise was performed using the gait trainer or over ground. However, the time and effort required to achieve the results were different, favouring the gait trainer group. The patients receiving conventional treatment requiring far less physiotherapy time and effort also improved their motor ability; however, their walking ability remained poor. Our aim in the present study was to motivate patients to make a greater effort with more repetitions of training and to start gait therapy as early as possible after stroke. Where electromechanicalassisted gait devices are available, they should be used, as they diminish the burden that heavy exercise imposes on both patients and therapists. However, where they are not available, both patients and physiotherapist should consider making more effort to achieve the same level of repetitions compared with that obtained with the use of devices.
